INTRODUCTION
Benign strictures of the gastrointestinal tract are one of the common complications of colorectal disease, particularly in inflammatory bowel disease (IBD).
1,2 A stricture is defined as the inability to traverse a segment of the intestine with a scope, or a radiographically determined area of luminal narrowing with corresponding obstructive symptoms. Generally, medical treatment including immunomodulator and anti-tumor necrosis factor α (anti-TNF-α) agents, improve inflammatory strictures. 3, 4 However, fibrotic strictures are often refractory to medical treatment and require surgical resection. Surgery can cause many postoperative complications, including fistulas, leaks, shortbowel syndromes, and frequent stricture recurrence at the anastomosis site. 5, 6 Importantly, the overall stricture recurrence after the first resection in patients with Crohn's disease (CD) is relatively high (50% to 60%) during the 15-year postoperative period. 7 Strictures of the gastrointestinal tract cause obstructive symptoms such as discomfort, pain, and constipation. Among the many surgical techniques available to treat this condition, bowel-preserving operations, such as strictureplasty, are recommended to minimize short-bowel syndrome. 6 The recurrence rate of strictures after the first surgical resection is reported to be between 15% and 45% within 5 years. 8, 9 To avoid these complications of surgical intervention, endoscopic balloon dilation (EBD) has been attempted in IBD patients with benign strictures, instead of bowel resection in selected cases. 10 Some studies have reported that EBD is a safe and effective intervention for IBD patients with de novo and anastomotic strictures. [11] [12] [13] However, the patient cohort was composed mainly of CD patients, with few cases of ulcerative colitis (UC). Additionally, data on the long-term outcomes of EBD for benign strictures are still limited. 14, 15 Thus, our aim was to evaluate the long-term prognosis of EBD for benign strictures in patients with IBD. The primary end points were the rates of technical success and clinical success. The secondary end points were the recurrence rate of benign stricture and restenosis prediction factors.
MATERIALS AND METHODS

Patients
This study was designed as a multicenter retrospective study of IBD patients with benign strictures treated with EBD. Among the symptomatic IBD patients (including those with CD and UC) from four tertiary university hospitals, those who underwent EBD for benign strictures between January 2004 and February 2014 were considered eligible. Four hospitals included Severance Hospital, Soonchunhyang Hospital, Asan Medical Center and Gangnam Severance Hospital, Seoul, Korea.
All patients had intestinal strictures through which an endoscope could not pass. Among the IBD patients with intestinal strictures, patients with the following conditions were excluded: (1) malignant strictures, (2) no obstructive symptoms, or (3) age less than 18 years. Among the patients who underwent EBD, those who satisfied the following exclusion criteria were further excluded: (1) loss to follow-up after EBD, (2) short follow-up duration (<6 months), or (3) other serious concurrent illness.
Data were collected from four hospitals using a standard protocol. The details included patients' sex, age, disease, concurrent medication including IBD-related medication for at least 3 months before the endoscopic procedure, number and type of strictures, and complications after EBD. Laboratory tests including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were evaluated at the time of admission for EBD in all patients. This study was approved by an independent Institutional Review Board and conformed to the ethical guidelines of the 1975 Helsinki Declaration (IRB number: 4-2015-0531). The informed consent was waived for this retrospective study.
Procedure
Before endoscopy, all patients underwent cross-sectional radiologic imaging (abdominopelvic computed tomography [CT] or CT enterography) to confirm the suspected stricture, to exclude intestinal fistulas and angulated strictures, and to measure the length of the strictures. All EBD procedures were carried out by one or two experienced endoscopists in each center, who determined the use of esophagogastroduodenoscopy, colonoscopy, or double-balloon enteroscopy according to the location and type of strictures. Strictures were dilated using a throughthe-scope control radial expansion wire-guided balloon catheter device. The balloon was positioned across the stricture under radiologic guidance. The duration and numbers of balloon inflation varied according to the stricture type.
Technical success was defined as the ability to pass the scope through the stricture after dilation. At the end of the procedure, technical success was confirmed by passing the scope through the dilated stricture site. Clinical success was defined as symptomatic relief after EBD. The relief of obstructive symptoms was also evaluated at least 4 hours after EBD. Repeat dilatations were performed when obstructive symptoms due to restenosis were confirmed with both radiologic imaging and endoscopy. 
Statistical analysis
Data are expressed as the mean (standard deviation), median (range), or number (%), as appropriate. Differences between continuous and categorical variables were examined for statistical significance using a Student t-test (or Mann-Whitney U test, if appropriate) and a chi-square test (or Fisher exact test, if appropriate). Recurrence rates were calculated using the Kaplan-Meier method, and compared with a nonparametric test.
All statistical analyses were performed with the SPSS version 20.0 (IBM Corp., Armonk, NY, USA). A p-value of <0.05 was considered statistically significant.
RESULTS
Baseline characteristics
As shown in Fig. 1 , three patients with malignant strictures, five without symptoms, but definite obstructions that could not pass through the endoscope at all or combined with proximal dilatation in the radiologic studies were noted, four who were <18 years old, three with follow-up loss, two with <6 month follow-up and a 65-year-old women with severe heart failure who was unable to take care of IBD disease were excluded. Finally, 30 patients were analyzed in this study.
The baseline characteristics of the study population are summarized in Table 1 . Thirty patients (15 males, 15 females) between the ages of 18 and 80 years old with disease duration between 1.2 and 43.8 years (median, 16.5 years) were included in the study. A total of 42 strictures in 30 IBD patients who had received EBD were available for statistical analysis. There were 36 strictures located in the colorectum, five in the small bowel, and one in the stomach ( Table 2 ). The most common disease was CD (25 patients, 83.3%), with an additional five (16.7%) patients with UC.
Type of strictures
Of the 42 stricture lesions, 37 (88.1%) were found in patients with CD and five (11.9%) were found in patients with UC (Table  2) . Stricture length was between 8 and 40 mm (median, 10 mm). The lesions included eight (19.1%) anastomotic strictures and 34 (80.9%) de novo strictures. Symptoms of obstruction, such as abdominal pain and difficulty in passing stool, were seen in all patients. Fifty-five balloon dilations were performed for the 42 stricture sites: 36 colorectal, three ileal, two jejunal, and one gastric lesion.
EBD outcomes
Primary technical success was achieved in 26 of the 30 patients (86.7%) at the first attempt. Fig. 2 showed successful endoscopic procedure before and after EBD. Of the four cases of technically unsuccessful first EBD attempt, technical success after further EBD attempts was achieved within 1 or 2 days. Technical success was achieved in all patients.
Primary clinical success defined as improved in clinical symptoms after attainment of technical success was achieved in 28 patients (93.3%). These symptoms included abdominal bloating, distention, abdominal pain, nausea, or vomiting were relieved after successful EBD. Two patients with CD did not improve obstructive symptoms after the first procedure. Therefore, the second EBD was performed within 1 week. They finally achieved clinical success after the second EBD. However, one patient experienced recurrence at 3 months after a first EBD attempt. Despite third EBD attempt, the obstructive symptoms persisted and the patient finally underwent surgery. Two patients experienced complications after EBD procedure despite clinical or technical success. Two perforations were noted in 55 balloon dilation procedures. They were successfully treated with endoscopic clipping.
Recurrence of benign strictures
The follow-up duration of patients who underwent EBD was between 10.2 and 252.0 months (median, 134.8 months). Symptomatic strictures recurred in eight patients (26.7%) and the median time to relapse was 1.7 months (range, 0.2 to 6.3 months). Repeat endoscopic interventions were required in six of the eight patients who had recurrent strictures. Among these, two received a steroid injection at the site of recurrence during the consecutive balloon dilations. One patient had improved symptoms after conservative care, while the other had to have surgical resection owing to recurrence of obstructive symptoms 
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despite the third EBD attempt at 3 months after the first EBD procedure. The cumulative percentages of patients without repeat endoscopic interventions at 12, 36, and 120 months were 96%, 93.3%, and 86.7%, respectively (Fig. 3 ).
Comparison between patients with and without recurrence of symptomatic strictures
To determine whether there were any predictive factors for recurrence, we analyzed the differences between the recurrence group (n=8) and the non-recurrence group (n=22). We found that the recurrence group had a higher proportion of UC patients (25.0% vs 13.6%, p<0.001), shorter disease duration (15.0 months vs 19.3 months, p<0.001), more de novo strictures (87.5% vs 68.2%, p=0.029), longer stricture length (16.7 mm vs 9.0 mm, p=0.037), higher CRP levels (25.2 mg/L vs 5.9 mg/L, p=0.005), and higher ESRs (40.3 mm/h vs 9.8 mm/h, p<0.001) than the non-recurrence group (Table 3) . There was no significant difference in concomitant medications used between two groups.
DISCUSSION
Previous studies about the effectiveness of EBD have been conducted, but most follow-up periods have been less than 60 months (range, 17.2-47 months). [14] [15] [16] [17] [18] [19] Although several studies have investigated the efficacy of EBD in treating IBD strictures, no study has specifically evaluated the long-term outcomes of EBD in IBD patients in a multi-center study. Compared to previous studies, this study has the advantage of a long follow-up (approximately 11 years median follow-up) after EBD. We found that in our study cohort, technical success was 86.7% at the first attempt and 100% after additional EBD procedures, while clinical success was 93.3% after the first technical success. The cumulative percentages of patients without repeat endoscopic interventions at 12, 36, and 120 months were 96%, 93.3%, and 86.7%, respectively. Together, our study demonstrates that EBD is a safe and effective treatment even after long-term follow-up. Previous studies have reported that about 33% of CD patients developed intestinal strictures after 10 years of disease. 20, 21 Compared to CD, colorectal strictures, either benign or malignant, are less common in UC. 22 Fifty-nine of 1,156 UC patients (5%) developed 53 benign colorectal strictures between 1,959 and 1,983. Obstructive symptoms due to intestinal strictures significantly decrease quality of life, and minimally invasive EBD is expected to more effectively treat benign strictures in IBD patients as an alternative to surgical methods. 23, 24 The technical success rate of EBD is reported to be between 70% and 90% (follow-up duration ranges from 17.2 months to 
months)
. [16] [17] [18] One meta-analysis demonstrated a technical success rate of 90% and a surgery-free rate ranging from 53% to 92%, which is consistent with our results. 25 More than one dilation is usually required for strictures in IBD patients because of recurrence, commonly caused by persistent inflammation. In our study, patients with recurrence showed that CD was more frequent, de novo stricture was greater, length of stricture was longer, and the degree of inflammation was higher compared to those without. Consistent with this, it is generally believed that IBD strictures may be more resistant to endoscopic dilation than non-IBD strictures. As a secondary measure, inflammatory strictures in IBD patients can be treated with steroids or TNF-α antagonists. 26, 27 In several studies, endoscopic balloons with an external diameter of 18 to 25 mm were used to dilate strictures of the lower gastrointestinal tract; we used endoscopic balloons with a diameter of 14 to 25 mm. The usual complication was perforation, particularly when 25-mm balloons were used. Most cases of perforation have been reported to occur at the ileocolonic anastomosis site. 28, 29 In our study, perforations occurred in a 60-year-old UC woman with UC and a 31-year-old woman with CD and were successfully managed by endoscopic clipping. Both patients had left colonic lesions for which expansion was attempted for 30 seconds using a balloon diameter of 18 mm. The predictive factors for the long-term outcomes of EBD vary among studies. A recent study showed that primary and anastomotic CD strictures had similar rates of surgical and additional EBD. 27 In another study, anastomotic strictures were associated with improved surgery-free survival. 14 It is controversial whether intralesional corticosteroid or anti-TNF antibody injections into strictures after dilation improve clinical outcomes. Some studies reported that intralesional corticosteroid injection after EBD prevents re-strictures. [29] [30] [31] However, other studies showed that intralesional corticosteroid injection did not reduce the need for re-dilation or surgery. 27, 32 Monoclonal anti-TNF antibodies are widely used for IBD that is refractory to conventional therapy, or for prophylaxis after surgery. 33 The effect of anti-TNF therapy on the progression of strictures has not been fully investigated. 34, 35 However, one study suggested that injecting infliximab during EBD significantly reduced the risk of surgery. 36 This study has some limitations. First, the number of patients was still small despite being a multicenter study. We did not find any independent predictive factors for stricture recurrence, which may be due to the small number of patients and strictures. Second, we did not perform further analysis regarding the outcome of local injection therapies, such as steroids or anti-TNF antibodies. Third, due to the retrospective nature of the study, there were no standardized protocols for the insufflation technique, minimal number of dilations, optimal characteristics of strictures, and appropriate diameter for avoiding major complications. Lastly, few strictures occurred in the small bowel, likely because the data analyzed were obtained before doubleballoon endoscopy had been broadly implemented. Moreover, no patient underwent balloon dilation for stenosis due to intestinal tuberculosis or intestinal Behçet's disease owing to the rarity of these diseases. However, although our study has limitations, it also has the strength of having a relatively long-term follow-up duration (median, 11.2 years).
In conclusion, the long-term (median, 134.8 months) technical and clinical success rates of EBD are remarkable compared with those of surgery. EBD may is effective and safe for treating benign IBD strictures. Additionally, EBD may provide long-term effective palliation of symptoms and prevent the need for surgical resection in IBD patients with symptomatic strictures.
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